high passage numbers, and could be differentiated into multiple mature connective tissue cell types, particularly adipocytes, chondrocytes, and osteocytes. Although there is no specific surface marker that defines MSCs, human MSCs are negative for CD45 and CD31 and express CD105, CD73, CD90, CD44, and CD166. 11 In the mouse, there is less consensus regarding the defining surface markers, [12] [13] [14] but several studies indicate that mouse MSCs are negative for CD45, CD11b, and CD31 and positive for stem cell antigen-1 (Sca-1), and CD9. 14, 15 Physiologically, these cells are thought to give rise to the bone marrow stromal elements that provide the microenvironment and supporting structure necessary for marrow homeostasis. 1, 4, [16] [17] [18] [19] For the neurosurgeon, MSCs are of interest because of their potential use in the therapy of a variety of neurological disorders. 12 In the field of neuro-oncology, we and others have reported that ex vivo expanded human bone marrow-derived MSCs (BMMSCs) selectively localize to human gliomas after systemic administration and can be engineered to deliver antiglioma therapies to experimental human glioblastomas such as interferon-β and tumor necrosis factor-α-related apoptosis-inducing ligand. 20, 21 Exogenous MSCs also localize to areas of stroke, 22 traumatic brain injury, 23 and intracerebral hemorrhage, 24 suggesting a potential role in these pathological processes.
MSCs are also of interest because of the potential involvement of endogenous MSCs in normal physiological responses to injury and inflammation and because they may comprise the stroma of solid tumors, the milieu of which is much like a nonhealing wound. 25 Recent evidence suggests that endogenous MSCs may be an important component of glioblastoma multiforme, the most common adult malignant brain tumor. Specifically, cells resembling MSCs can be isolated from fresh glioma specimens obtained at surgery. 26, 27 Like BM-MSCs, these tumor derived-MSCs grow as adherent cells in culture; differentiate into adipocytes, chondrocytes, and osteocytes; and express the requisite MSC surface markers. 26, 27 These tumor-derived MSCs are thought to contribute to the stroma of human gliomas.
Although it is postulated that MSCs may be recruited into areas of inflammation, injury, and tumors from a pool of circulating BM-MSCs originating from the bone marrow, to date there is conflicting evidence supporting the notion that BM-MSCs actually circulate in the bloodstream. However, an alternative source of MSCs may be the local tissues within peripheral organs. Cells similar to MSCs have been reported to be found in tissues other than the bone marrow, including fat, dermis, muscle, liver, pancreas, lung, endometrium, kidney, vessels, and brain. [28] [29] [30] [31] [32] [33] [34] [35] [36] It is suggested that MSCs may reside throughout the body in most postnatal organs. 28, 32 Although Rutka et al 37 reported in the 1980s that nonglial, mesenchymal cells can be cultured from normal brain tissue, the isolation of cells with the specific characteristics of MSCs from the brain has only begun to be explored, and the existence of brain-derived MSCs (Br-MSCs) and their location within the brain remains unclear. Identifying MSCs in normal brain tissue would provide new insight into the capacity of central nervous system tissues to respond to inflammation and tumor formation.
In this context, we sought to determine the extent to which cells with the features of MSCs exist in normal brain tissue and to determine the location of these cells in the brain. Consequently, we isolated and cultured cells from normal mouse brain using the same methods used to isolate BM-MSCs and thereby identified cells that were similar to BM-MSCs in terms of morphology, surface markers, and differentiation pattern, which we called brain-derived MSCs (Br-MSCs). Histological studies suggest that these Br-MSCs reside within the perivascular niche. We propose that these Br-MSCs may represent a pool of local stem cells that maintain normal homeostasis of the perivascular niche and are capable of responding to tissue stresses within the brain.
MATERIALS AND METHODS

Animals
Four-to 8-week-old male severe combined immune-deficient (SCID) mice (Jackson Laboratory, Bar Harbor, Maine), athymic nude mice (University of Texas M. D. Anderson Cancer Center, Houston, Texas), and C57/BL6 mice (M. D. Anderson Cancer Center) were used in these studies. Mice were housed in microisolator cages under sterile conditions and observed for at least 1 week before study initiation to ensure proper health. Lighting, temperature, and humidity were controlled centrally. All experiments were approved by the Institutional Animal Care and Use Committee at M. D. Anderson.
Isolation and Culture of Mouse Br-MSCs
To isolate Br-MSCs, SCID (n = 12) and C57/BL6 (n = 4) mice were anesthetized with a ketamine/xylazine solution (1.16 g ketamine and 2.3 g xylazine per 1 kg body weight) delivered intraperitoneally. Whole brains from 4 mice were dissected and minced with a scalpel in minimal essential medium-α (MEM-α; Mediatech, Herndon, Virginia); the resulting cell suspension was combined and washed twice in serum-free MEM-α; and single-cell suspensions were plated in a 10-cm 2 cell culture dish at a density of 2 × 10 6 cell/cm 2 . These cells were cultured in complete MSC medium consisting of MEM-α, 10% fetal bovine serum (FBS; Lonza, Basel, Switzerland), 2 mmol/L L-glutamine (Mediatech), and penicillin/ streptomycin (50 U/mL and 50 mg/mL, respectively; Flow Laboratories, Rockville, Maryland). After 24 hours, nonadherent cells were removed by 2 washes with phosphate-buffered saline (PBS; Mediatech), and adherent cells were cultured until they reached confluence. Cells were then trypsinized (0.25% trypsin with 0.1% EDTA) and subcultured at a density of 5000 cells/cm 2 . These cells were cultured continuously for 12 months through 60 passages, consistent with their role as progenitor/stem cells. Cell cultures were observed with an inverted phase-contrast microscope (Axiovert 200, Zeiss, Hallbergmoos, Germany) to see their morphology. Photographs of cells were taken with a digital camera (AxioCam MRc, Zeiss) using Xcap-Plus version 2.1 software (Epix Inc, Buffalo Grove, Illinois) at each passage. On the other hand, mouse BM-MSCs were harvested as previously described.
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Flow Cytometry
To investigate whether the Br-MSCs have properties similar to those of BM-MSCs, cells were trypsinized and counted in a Vi-Cell machine (version 1.01, Beckman Coulter Inc, Fullerton, California). They were washed in PBS, and the cell pellet was resuspended in fluorescenceactivated cell sorting (FACS) buffer (PBS with 10% FBS) at a concentra- 
In Vitro Differentiation
To determine the mesenchymal differentiation potential of Br-MSCs, we used a trilineage differentiation test identical to that described for BM-MSCs. After primary culture in complete MSC medium as described above, we tested the capacity of single Br-MSC clones to differentiate along adipogenic, osteogenic, and chondrogenic lineages.
For adipogenic differentiation, Br-MSCs were seeded at a density of 2 × 10 4 cells/cm 2 in a 6-well plate with complete MSC medium. At confluence, cell differentiation was induced with adipogenic differentiation medium, which contained MEM-α, 10% FBS, 1 µmol/L dexamethasone (American Reagent Laboratories, Inc, Shirley, New York), 100 µg/mL 3-isobutyl-methyl-xanthine (Sigma, St Louis, Missouri), 60 µmol/L indomethacin (Sigma), 5 µg/mL bovine insulin (Life Technologies, Carlsbad, California), 2 mmol/L L-glutamine, and penicillin/streptomycin (50 U/mL and 50 mg/mL, respectively). These cells were fed this fresh medium every 3 to 4 days for 3 weeks. In control experiments, cells were incubated for the same period of time in complete MSC medium. On days 22 to 28, the cells were washed in PBS and fixed in 10% formalin (Fisher Scientific, Fair Lawn, New Jersey) for 1 hour at room temperature. After fixation, the cells were rinsed with deionized water several times, followed by the addition of 60% isopropanol (Pharmco-AAPER, Brookfield, Connecticut) and allowed to sit for 5 minutes. Oil Red O (Sigma) solution was added to each well. After 5 minutes, the cells were rinsed with deionized water and briefly counterstained with hematoxylin (Fisher Scientific).
For osteogenic differentiation, Br-MSCs were plated at a density of 3 × 10 3 cells/cm 2 in a 6-well plate. The next day, the medium was replaced with osteogenic differentiation medium, which is composed of MEM-α, 10% FBS, 0.1 µmol/L dexamethasone, 10 mmol/L β-glycerophosphate (Sigma), 50 µg/mL ascorbic acid-2-phosphate (Sigma), and penicillin/ streptomycin (50 U/mL and 50 mg/mL, respectively). These cells were fed this fresh medium every 3 to 4 days for 4 weeks. In control experiments, cells were incubated for the same period of time in complete MSC medium. On day 28, cell cultures were washed twice with PBS and fixed in 70% ice-cold ethanol (Pharmco-AAPER) for 1 hour, followed by washing with deionized water. The cells were stained with 40 mmol/L (pH 4.2) Alizarin Red (Sigma) for 10 minutes at room temperature with rotation, followed by washing with deionized water 5 times.
For chondrogenic differentiation, a modification of previous MSC protocols was used. 38 Br-MSCs were trypsinized and washed in serumcontaining medium. Aliquots of 250 000 cells suspended in 0.5 mL of medium were placed in 15-mL conical polypropylene tubes (Becton Dickinson, Franklin Lakes, New Jersey). Then, the cells were gently centrifuged for 5 minutes at 150g and left at the bottom of the tubes, which were placed in an incubator with caps loosened to permit gas exchange. The cells formed small pellets that were cultured for 4 weeks in chondrogenic differentiation medium, which was composed of Dulbecco's modified Eagle's medium/Nutrient Mixture F-12 (DMEM/F12, Mediatech), 1 mmol/L sodium pyruvate (Sigma), 0.17 mmol/L ascorbic acid-2-phosphate (Fluka, Bucks, Germany), 0.1 µmol/L dexamethasone, and 20 µg/mL transforming growth factor-β3 (Ontogeny Research Products, Cambridge, Massachusetts). Every 3 to 4 days, the cells were fed fresh medium. In control experiments, the cells were incubated for the same period of time in complete MSC medium. These pellets were fixed in 10% formalin for 1 hour at room temperature and then embedded in paraffin sections stained with Safranin O (Sigma) for glycosaminoglycans.
Immunohistochemistry and Immunofluorescent Labeling
To determine the locations of Br-MSCs, we studied normal mouse brains using immunohistochemical analysis and double-immunofluorescent labeling. For immunohistochemical analyses, male athymic (nude) mice were anesthetized and euthanized by intracardiac perfusion of PBS (2 mL) followed by 4% paraformaldehyde (EMS, Hatfield, PA). Brains were removed and fixed in 10% formalin. Paraffin sections were prepared by the usual method. These sections were processed for immunohistochemical analysis using goat anti-mouse Sca-1 (R&D Systems, Inc, Minneapolis, Minnesota). Biotinylated horse anti-goat IgG antibody was used as a secondary antibody. Vectastain ABC kit (Vector Laboratories, Burlingame, California) and DAB substrate (SK 4100, Vector Laboratories) were used for color development. For immunofluorescence analyses, the brains of C57BL6 mice were collected, immediately frozen with optimal cutting temperature compound (Sakura Finetek USA Inc, Torrance, California) by acetone with dry ice, and stored at −80°C until use. Frozen sections (5 µm) were fixed with 4% paraformaldehyde for 5 minutes, washed, blocked with 5% bovine serum albumin in PBS for 30 minutes at room temperature, and incubated with goat anti-mouse Sca-1 antibodies (15 µg/mL, R&D Systems, Inc) with blocking solution at 4°C overnight. For visualization, the sections were incubated with Alexa Fluor 488 donkey anti-goat IgG (Molecular Probes, Inc, Eugene, Oregon) at 1:200 dilution for 45 minutes at room temperature. After washing, the sections were incubated with rabbit anti-NG2 antibodies (1:200, Millipore Corporate Headquarters, Billerica, Massachusetts) or rat anti-mouse CD31 antibodies (1:40, Abcam Inc, Cambridge, Massachusetts) for double staining at room temperature for 2 hours, followed by incubation with Alexa Fluor 594 goat anti-rabbit IgG or Alexa Fluor 594 goat antirat IgG (Molecular Probes, Inc) at 1:200 dilution for 45 minutes at room temperature. DAPI (Vectashield H-1500, Vector Laboratories) was used for nuclear staining. A fluorescence microscope (Axiovert 200M, Zeiss) and Axiovision version 4.5 software (Zeiss) were used for observation.
Statistics
Statistically significant differences (P < .05) were estimated with the Mann-Whitney U test, and data are expressed as mean ± standard deviation. Statistical analyses were performed with SPSS version 12.01 software (SPSS Inc, Chicago, Illinois).
RESULTS
Isolation of MSC-Like Cells From Normal Mouse Brains
To determine the extent to which cells with the features of MSCs could be isolated from normal brain, the brains of mice (n = 4 per culture) were rapidly removed and minced, and a singlecell suspension was plated in 10% MSC-certified FBS on uncoated 3F). Thus, the cells isolated from the brain were capable of trilineage mesenchymal differentiation, a cardinal feature of MSCs.
Immunohistochemical Analysis for Sca-1, NG2, and CD31
To determine the location of Br-MSCs in the brain, we analyzed paraffin sections of normal brains of mice by immunohis-714 | VOLUME 67 | NUMBER 3 | SEPTEMBER 2010
www.neurosurgery-online.com KANG ET AL plastic culture dishes using methods identical to those used for isolating BM-MSCs (See Materials and Methods). Four independent cultures were established (3 from 12 SCID mice and 1 from 4 BL6/C57 mice). In each case, initial cultures contained highly heterogeneous populations of cells ( Figure 1A ), which became increasingly homogeneous, and by passage 10 to 15, a uniform population of Br-MSCs ( Figure 1B ) was evident. These Br-MSCs were capable of long-term culture and have been maintained for up to 60 passages without changing their morphology. Each of the cultures progressed at similar rates. These Br-MSCs had a morphology and doubling time (∼ 36 h) similar to those of BMMSCs ( Figure 1C ) obtained from C57/BL6 mice.
Flow Cytometry for MSC Markers
Although there is no pathognomonic marker, it is generally agreed that mouse BM-MSCs are positive for Sca-1 and CD9 and negative for CD45 and CD11b. Consequently, cultured brain cells were analyzed by flow cytometry for these markers. Consistent with their identity as MSCs, cultured cells from the brains were Sca-1
− , and CD11b − ( Figure 2 and Table 1 ). As expected, most sca-1 cells coexpressed CD9 (Table 1 ). This profile was identical to that of MSCs isolated from the bone marrow of mice (Table 1) . Consistent with the initial heterogeneity of the cells, the percentage of Sca-1 + and CD9 + cells increased with each passage; by passage 15, 95% of the cultured Br-MSCs expressed Sca-1 and CD9 ( Figure  2 ). After passage 15, the surface expression of these markers remained stable over multiple subsequent passages.
In Vitro Differentiation
A defining feature of BM-MSCs is the ability to differentiate into multiple mesenchymal cell types, specifically adipocytes, osteocytes, and chondrocytes. Consequently, we evaluated the mesenchymal differentiation potential of 2 Br-MSCs cultures at several passages. During adipogenic induction, cells filled with lipid droplets appeared by day 3 and increased in number by day 22. At the end of the induction period, cells with lipid droplets were consistently evident, with individual cells showing the typical characteristics of adipocytes with lipid droplets filling the cytoplasm by Oil Red O staining ( Figure 3A ). In the control experiments ( Figure 3B ), rare spontaneous adipogenesis was detected in a few cells in noninduced medium, suggesting intrinsic spontaneous adipogenesis. During osteogenic induction, the cells changed from a cuboidal appearance to a rounder shape. After a 4-week induction period, calcium deposits were visible in the osteogenesis induction culture, which was confirmed by Alizarin Red staining ( Figure 3C ). In the control experiments, most cells in noninduced medium did not have calcium deposits ( Figure  3D ), but in a few cells, spontaneous osteogenesis was also detected. Finally, Br-MSCs pellets were cultured in chondrogenesis differentiation medium for 4 weeks, after which time Safranin O staining revealed deposition of glycosaminoglycan in the pellet matrix ( Figure 3E ), which was consistent with differentiation into chondrocytes. No chondrogenesis was detected in control cultures in noninduced medium, and only disorganized cells were seen (Figure 
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tochemical staining with Sca-1 antibody. Although Sca-1 is not exclusive to Br-MSCs, its high surface expression on Br-MSCs makes it a good screening agent for Br-MSCs in the brain. In this analysis, Sca-1 + cells were found within blood vessels, both large and small, within the parenchyma of the brain (Figure 4) , suggesting that Br-MSCs may be located within the vascular niche.
Intracerebral vessels are composed of endothelial cells and surrounding pericytes. To determine whether the Sca-1 + cells were distinct from endothelial cells and pericytes, we performed double-immunofluorescent staining using antibodies against Sca-1 (to identify stem cells) and CD31, a known marker of mature endothelial cells ( Figure 5A , 5C, and 5E), and for Sca-1 and NG2, we used a known marker of mature pericytes ( Figure 5B, 5D , and 5F). Merged fluorescent images indicated that a population of cells within blood vessels stained only for Sca-1 + (stained green in Figure   5E and 5F) and did not stain for either CD31 or NG2, suggesting that cells distinct from mature pericytes and endothelial cells and staining with the MSC marker Sca-1 are located in the perivascular niche. However, a population of Sca-1 cells also costained for CD31 (yellow cells within vessels; Figure 5E ), suggesting that mature endothelial cells may derive from Sca-1 + cells and thus possibly MSCs. Similarly, a population of the Sca-1 + cells also stained for NG2 (yellow cells within vessels; Figure 5F ), indicating that mature pericytes may also derive from Br-MSCs. Thus, Br-MSCs may be important stem cells that serve to repopulate the mesenchymal cells within the perivascular niche.
FACS Analysis of Sca-1, NG2, and CD31
Because of the immunofluorescent staining results, we next determined whether the Br-MSCs isolated from the brains expressed NE UROSURGERY VOLUME 67 | NUMBER 3 | SEPTEMBER 2010 | 715
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FIGURE 2. Flow cytometric analysis for mesenchymal (stem cell antigen 1 [Sca-1], CD9) and hematopoietic (CD45, CD11b) surface markers of brainderived cells obtained at increasing passage. Each column represents the specific marker tested. Each row represents the labeled passage number. Within each graph, the control antibody is shown as the filled curve, and the tested antibody is shown as the unfilled curve. The percentage of cells expressing the marker is also shown in each graph. Cells were positive for Sca-1 and CD9 and negative for CD45 and CD11b, consistent with known markers of bone marrow-derived mesenchymal stem cells. The marker profile remained stable over time.
endothelial and/or pericyte markers. In vitro cultured Br-MSCs were analyzed by FACS for coexpression of Sca-1 and CD31 and for coexpression of Sca-1 and NG2. These Br-MSCs were negative for the endothelial marker CD31 ( Figure 6 and Table 2 ), as reported for BM-MSCs. 15 In contrast, a small population of BrMSCs were positive for the pericytes marker NG2 ( Figure 6 and Table 2 ). Most of the Sca-1 cells in the culture also expressed CD9, indicating that these cells were similar to Br-MSCs ( Table 2) .
The lack of expression of CD31 in these cultured cells contrasted with the histological findings (see Figure 5) 
A B C D E F
for Sca-1 and CD31 showed that 5.3% of the cells from the fresh (preculture) specimen were Sca-1 + /CD31 + , but this population was no longer present by passage 15 (0.3%) when cultured in MSC media. In contrast, Sca-1 + /NG2 + cells represented 4.11% of the cells in the preculture specimen, and this population increased to 13% to 17% of the cells in the culture at passages 15 to 30. These results support the notion that the culture conditions used to isolate Br-MSCs select for a population of MSCs that also express NG-2 but are negative for CD31.
DISCUSSION
We show that cells similar to BM-MSCs, called Br-MSCs, can be isolated from normal mouse brain. Immunohistochemical staining for Sca-1, one of the surface markers of MSCs, suggests that these Br-MSCs are a component of the vascular niche. Doubleimmunofluorescent and FACS analyses suggest that mouse BrMSCs may be the primary source of vascular pericytes.
Although the exact definition of MSCs is controversial, it is generally agreed and endorsed by the International Society for Cellular Therapy that cells referred to as MSCs (1) grow as adherent cells on plastic in vitro, (2) express specific positive and negative surface markers, and (3) can differentiate into adipocytes, chondrocytes, and osteocytes. 11 In this context, the cells isolated from mouse brains in this study met all three of these criteria. With regard to in vitro growth, BM-MSCs were originally isolated on the basis of their ability to adhere to plastic surfaces, 39 and we applied this method to the initial isolation of Br-MSCs. Although more recently MSCs have been isolated by positive 40 or negative selection, 14 which can result in more homogeneous cell populations, the original adherence-based approach has a lower risk of losing important cell populations, even though it may require a longer time for selection of a homogenous cell population. However, a shortcoming of this approach is that the chosen in vitro culture condition may cause loss of or may select for MSC subpopulations with specific properties. With regard to surface markers, the International Society for Cellular Therapy proposed minimal criteria for the definition of human MSCs 11 ; however, there is currently no universally agreed-on surface marker NE UROSURGERY Immunohistochemical staining also showed that a population of Sca-1 + cells coexpressed CD31, a known endothelial marker. This finding is consistent with the finding of Kotton et al 43 of Sca-1 staining on the surface of endothelial cells in normal lung tissue. In contrast to this in vivo staining pattern, we found that cultured in vitro Br-MSCs do not express CD31 on their surface on the basis of FACS analysis. This lack of CD31 staining is consistent with other reports showing that cultured BM-MSCs do not express endothelial markers. 11, 15 It is interesting to note that MSCs are defined by their in vitro characteristics, and the precise in vivo counterpart of these cultured cells has not been fully defined. In this context, we found that when cells isolated from fresh brain specimens were analyzed before culturing in MSC medium, a population of Sca-1 + /CD31 + could be identified. However, this population was lost when the cells were cultured in MSC medium (see Table  2 www.neurosurgery-online.com KANG ET AL profile of mouse MSCs. Nevertheless, the pattern of surface markers that we used (ie, Sca-1 + , CD9 + , CD45 − , CD11b − ) have been used in several other studies as markers of mouse BM-MSCs. 14, 15 In this context, the cells isolated from the normal mouse brain had the surface marker profile similar to that of mouse BM-MSCs and therefore met the second criterion for classifying them as MSCs. Lastly, a critical feature of MSCs is the potential for trilineage (adipogenic, osteogenic, and chondrogenic) differentiation. This functional definition of MSCs is probably the most critical attribute of these cells because it defines their stem/progenitor cell phenotype as mesenchymal. Thus, the capacity for trilineage differentiation of the cells isolated in this study provides strong evidence that they resemble MSCs. Importantly, this differentiation pattern was a property of single-cell clones, indicating that a single cell possessed true trilineage differentiation potential and that the result was not caused by progenitor cells with unilineage differential potential growing in the same culture dish.
Our results confirm and extend the findings of da Silva Meirelles et al, 32 who showed that MSCs could be isolated from most peripheral organs, including the brain. In addition to culturing MSC-like cells, our study is one of the first to attempt to determine the location of MSCs in the brain. Immunohistochemical staining with Sca-1 antibody, which is highly expressed on cultured mouse MSCs, demonstrated that Sca-1 + cells were located exclusively within the brain vasculature (see Figure 4) . This distribution of Sca-1 + cells around blood vessels has been described in several 45, 46 we think it is unlikely that the large number of Br-MSCs seen in the brains of the mice in our studies were a result of migration from the bone marrow to the brain. First, the notion that MSCs actually circulate has been disputed. In addition, the mobilization of bone marrow stem cells is typically in response to tissue injury or stress, 47, 48 which was not present in our normal specimens. Ultimately, analyses of embryonic brains may address the role of innate versus circulating MSCs as the source of MSCs in adult peripheral organs. However, if currently available data are considered together, it is likely that Br-MSCs are intrinsic to the brain and are resident local mesenchymal precursors.
The finding that MSCs exist in the brain has important implications for neurosurgeons' understanding of normal brain homeostasis and of the response of the brain to tissue injury and stress. The identification of MSCs in the brain vasculature suggests that these stem cells may maintain the normal integrity of brain blood vessels, at least in part by repopulating the pericyte population, which stabilizes endothelial cells. In addition, increasing evidence suggests that MSCs have important functions in response to tissue injury and stress. [22] [23] [24] [25] Indeed, BM-MSCs have been shown to be capable of populating peripheral organs, including the brain, in times of severe tissue injury. 49, 50 Ex vivo expanded MSCs can improve the outcome of stroke and head injury. 22, 23 The finding that MSCs exist in the brain suggests that local Br-MSCs may participate in the response to tissue injury, potentially as "first responders," and that BM-MSCs may represent a secondary source of responding MSCs. Interestingly, in addition to trilineage differentiation, it has been shown that MSCs are capable of differentiating into neurons and astrocytes. 1 It is possible that Br-MSCs may participate in the response of the brain to ischemia and trauma by providing secreted growth factors needed for tissue repair, by acting as a source of newly differentiated neural elements that could play a role in restoring damaged neuronal circuits, or by providing astrocytic cells that could help reestablish degenerated neural components. Increased knowledge of the biology of these cells may provide insight into ways of manipulating these cells for therapeutic advantage.
The finding that MSCs exist in the brain is also of interest in light of recent findings in the field of neuro-oncology that human MSCs have a tropism for gliomas and that gliomas express a wide range of mesenchymal gene products. [51] [52] [53] Most important and consistent with other studies, 53, 54 we have shown that cells similar to BM-MSCs can be isolated and cultured from fresh glioma specimens obtained at surgery. 26, 27 Evidence suggests that these tumor-derived MSCs may contribute to the stroma of human gliomas, potentially by modifying the vascular niche. Although it has been presumed that tumor-derived MSCs arise from a circulating pool of BM-MSCs, the finding that there are local MSCs intrinsic to the brain suggests that the source of MSCs in gliomas may be Br-MSCs rather than circulating BM-MSCs. It is possible that pharmacological manipulation of Br-MSCs may provide a new therapeutic approach to brain tumors.
CONCLUSION
We demonstrate that cells similar to BM-MSCs in terms of in vitro growth, surface markers, and trilineage mesenchymal differentiation can be isolated from the brains of normal mice. These Br-MSCs are located within the vascular niche and may represent a population of nonneural progenitor/stem cells that act as a source of mesenchymal elements (eg, pericytes and possibly endothelial cells) within the brain. They may also participate in the response of the brain to tissue injury and stress such as in stroke, trauma, and tumorigenesis. 
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